Auto-oxidation of 5, 6, 7, in phosphate buffer solution (PBS) was examined using reversed-phase high-performance liquid chromatography. In the chromatograms obtained every 30 min after NPH 4 was dissolved in PBS, the p eak of NPH 4 gradually decreased and almost disappeared 90 min after the dissolution. In contrast, another peak of an unidentified substance (one of dihydroneopterins), appeared from the first time , gradually increased and became most dominant among various peaks 60 min after. The peak of 7,8-dihydroneopterin (7,8-NPH 2 ) appeared 30 min after and gradually increased, but its height was less than that of the above-mentioned peak from first to last. These results indicate that NPH 4 is readily oxidized by dissolved oxygen in PBS to produce 7,8-NPH2 and other dihydroneopterins before the reaction with oxygen free radicals and that the substances which actually serve as antioxidants in vivo are these dihydroneopterins.
Introduction
The reduced form of neopterin (NP), 5,6,7,8 -tetrahydroneopterin (NPH 4 ) , has been reported to show an extremely efficient superoxide anion radical scavenging activity (1, 2) . Moreover, NPH 4 has been shown to have ameliorating effects on various experimental diseases, such as carbon tetrachloride-induced hepatotoxicity and adriamycin-induced cardiotoxicity, in which active oxygen species playa role as potent pathogenic factors ( 3 ,4 ) . The neuroprotective effects of NPH 4 on transient forebrain ischemia in gerbils and on focal cerebral § Author to whom correspondence should be addressed. * Parts of the work have been presented at the 4th
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Pteridines/ Vol. 9 / No. I ischemia in rats were also reported (5, 6) . NPH 4 exerts its beneficial effects possibly through scavenging oxygen free radicals . However, in a previous study, we showed that NPH 4 was readily oxidized to some intermediates when it was dissolved in oxygen-bubbled phosphate buffer solution (PBS) and supposed that the substance which actually serves as an antioxidant in vivo is not NPH-4 but its metabolites (7) . In the present study, to identifY the intermediates resulting from the auto-oxidation of NPH 4 in PBS, a production-analysis was performed using reversed-phase high-performance liquid chromatography (RP-HPLC). Highly purified NP and NPH. was kindly supplied by Asahi Breweries Ltd. (Tokyo, Japan) . 7,SDihydroneopterin (7,S-NPH 2 ) was purchased from Schirks Lab. (Jona, Switzerland).
Materials and Methods

Reagents
Production-analysis
The production-analysis of the auto-oxidation of NPH-4 in PBS was carried out by RP-HPLC. An RP-HPLC system consisted of an LC-6A pumping system, an SCL-6B column oven, and a CTO-6A system controller (Shimadzu, Kyoto, Japan). On line UV spectra were obtained with a SPD-M6A UV-VIS photodiode-array detector (Shimadzu). For RP-HPLC, an Ultron ODS-X ocradesylsilane column (4.6 X 250 mm and particle size 5 f...lm, Shinwa Chemical Industries, Kyoto , Japan) was used. The eluents were 100 mM triethylammonium acetate buffer (pH 7.0). All measurements were performed at the flow rate 1.0 mljmin at room temperature. The CH 3 CN concentration was increased in the linear gradient mode (0 min: 0%, 20 min: 20%). Immediately afrer 1 mM NPH 4 was dissolved in PBS, the measurements were started, and the chromatograms of the products were obtained every 30 min for 180 min. In this experiment, PBS equilibrate with room air was used as solvent, and neither deox-\'genation nor oxygenation of PBS was performed .
Results and Discussion
The chromatograms, obtained every 30 min for 1 80 min after NPH 4 was dissolved in PBS, are shown in Fig . 1 2 and 3 were identified with 7 ,S-NPH 2 and NP, respectively, by co-injecting of the authentic samples. Peak No.4, the most dominant peak throughout the experiment, could not be identified. Peaks No. 5 and 6 could not be identified. In the previous study to confirm the degradation of NPH. by oxygen (7), the peak of NPH 4 completely disappeared, and the same peaks, observed in the present study, appeared in the chromatogram obtained 30 min after the initiation of oxygen bubbling. Among the degraded products of NPH 4 , the most dominant product was 7,S-NPH2' These results are different from those in the present study. In the present study, 1) the peak of NPH 4 did not disappear until 90 min after it was dissolved in PBS, and 2) the peak No.4 was much more dominant than the peak of 7,S-NPH 4 . In the present study, oxygen bubbling was not performed. Therefore, the oxidation of NPH. slowly progressed, which allowed the co-existence of NPH. and dihydroneopterins.
The speculative auto-oxidation pathway of NPH 4 is shown in Fig. 2 . Two isomers of NPH. are oxidized to dihydroneopterins. Dihydropterins can have several possible isometric structures, i.e . 5,6-dihydro, 5,S-dihydro, 7,8-dihydro, and quinoid (S). In the present study, the unidentified (2] " :X under aerobic and anaerobic conditions. The products shown by [4] , [5] and [6] 
